WORLD INTELLECTUAL PROPERTY ORGANIZATION 
Inicrnaiional Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

A61K 39/00, C07K 16/28, C12Q 1/68, 
G01N 33/50 



Al 



(11) International Publication Number: WO 00/02583 

(43) International Publication Date: 20 January 2000 (20.01.00) 



(21) International Application Number: PCT/US99/ 15403 

(22) International Filing Date: 8 July 1999 (08.07.99) 



(30) Priority Data: 
60/092,151 
60/109,894 



9 July 1998 (09.07.98) US 
25 November 1 998 (25 . 1 1 .98) US 



(63) Related by Continuation (CON) or Continuation-in-Part 
(CIP) to Earlier Applications 

US 60/092,151 (CON) 

Filed on 9 July 1998 (09.07.98) 

US 60/109,894 (CON) 

Filed on 25 November 1998 (25. 11. 98) 



(71)(72) Applicant and Inventor: NICKOLOFF, Brian, J. 
[US/US]; 4 Tumberry Court, Bun- Ridge, IL 60521-8396 
(US). 

(74) Agent: WRONA, Thomas, J.; Brinks Hofer Gilson & Lione, 
P.O. Box 10087, Chicago, IL 60610 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CU, CZ, DE, DK, EE, ES, FI, GB, 
GD, GE, GH, GM, MR, HU, ID, IL, IN, IS, JP. KE, KG. 
KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MD, MG, MK. 
MN, MW, MX, NO, NZ, PL, PT, RO, RU. SD, SE, SC. SI. 
SK, SL, TJ, TM, TR, TT, UA, UG, US, UZ, VN. YU, ZA, 
ZW, ARIPO patent (GH. GM, KE, LS, MW, SD, SL, SZ, 
UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, MD, 
RU, TJ, TM), European patent (AT, BE, CH, CY, DE, DK, 
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI 
patent (BF, BJ, CF, CG, CI, CM, GA, GN. GW, ML. MR, 
NE, SN. TD, TG). 



Published 

With international search report. 



(54) Title: METHOD OF TREATING DISORDERS BY MODULATING THE INTERACTION OF NATURAL KILLER RECEPTORS 
ON T CELLS WITH THEIR RESPECTIVE LIGANDS 



(57) Abstract 

Methods of treating psoriasis and other cutaneous and extracutaneous disorders mediated by immunocytes bearing natural killer-type 
receptors (NK-T cells) for classical or non-classical MHC-class 1— like molecules (and their functional homologs). The methods of the 
present invention include antagonizing the activation mediated by NK-type receptors for those diseases in which such immunocytes are 
causing or exacerbating the disease, as well as for methods to augment the immune response in infectious (viral, bacterial, or fungal) or 
neoplastic conditions in which such activation would be beneficial. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


AM 


Armenia 


PI 


Finland 


AT 


Austria 


FR 


France 


AU 


Australia 


GA 


Gabon 


AZ 


Azerbaijan 


GB 


United Kingdom 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


BD 


Barbados 


Gil 


Ghana 


BE 


Belgium 


GN 


Guinea 


BF 


Burkina Faso 


GR 


Greece 


BG 


Bulgaria 


HU 


Hungary 


BJ 


Benin 


IE 


Ireland 


BK 


Brazil 


IL 


Israel 


BY 


Belarus 


IS 


Iceland 


CA 


Canada 


IT 


Italy 


CF 


Central African Republic 


JP 


Japan 


CG 


Congo 


KE 


Kenya 


CH 


Switzerland 


KG 


Kyrgyzstan 


CI 


Cdte d'lvoirc 


KP 


Democratic People's 


CM 


Cameroon 




Republic of Korea 


CN 


China 


KR 


Republic of Korea 


cu 


Cuba 


KZ 


Kazakstan 


cz 


Czech Republic 


LC 


Saint Lucia 


DE 


Germany 


LI 


Liechtenstein 


DK 


Denmark 


LK 


Sri Lanka 


EE 


Estonia 


LR 


Liberia 



LS 


Lesotho 


SI 


Slovenia 


LT 


Lithuania 


SK 


Slovakia 


LU 


Luxembourg 


SN 


Senegul 


LV 


Latvia 


sz 


Swaziland 


MC 


Monaco 


TD 


Chad 


MD 


Republic of Moldova 


TG 


Togo 


MG 


Madagascar 


TJ 


Tajikistan 


MK 


The former Yugoslav 


TM 


Turkmenistan 




Republic of Macedonia 


TR 


Turkey 


ML 


Mali 


TT 


Trinidad and Tobago 


MN 


Mongolia 


UA 


Ukraine 


MR 


Mauritania 


UG 


Uganda 


MW 


Malawi 


US 


United States of America 


MX 


Mex ico 


uz 


Uzbekistan 


NE 


Niger 


VN 


Viet Nam 


NL 


Netherlands 


YU 


Yugoslavia 


NO 


Norway 


ZW 


Zimbabwe 


NZ 


New Zealand 






PL 


Poland 






PT 


Portugal 






RO 


Romania 






RU 


Russian Federation 






SD 


Sudan 






SE 


Sweden 






SG 


Singapore 







WO 00/02583 



PCT/US99/15403 



1 

METHOD OF TREATING DISORDERS BY MODULATING THE 
INTERACTION OF NATURAL KILLER RECEPTORS ON T CELLS 
WITH THEIR RESPECTIVE L1GANDS 

RELATED APPLICATIONS 

This application claims priority to U.S. provisional applications 
60/092,151, filed July 9, 1998, and 60/109,894, filed November 25, 1998. both of 
which are incorporated by reference in their entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates generally to a novel method of treating 
cutaneous as well as extracutaneous diseases, particularly psoriasis, and ; more 
particularly, to a method of inhibiting various types of diseases by targeting 
immunological reactions whereby T lymphocytes expressing surface molecules 
typically expressed by natural killer cells (i.e., NK-T cells) become activated 
through interaction of these surface receptors with their respective ligands. 
Examples of such receptors include, but are not limited to, CD94, CD158a r 
CD 158b, CD161. These receptors recognize classical MHC-class I antigens, as 
well as non-classical antigens such as CDld, but may also include other activating 
molecules. 

Psoriasis is a common, chronic, inherited skin disorder triggered when 
activated immunocytes infiltrate the epidermis and establish a Th-1 type cytokine 
network culminating in keratinocyte hyperplasia and angiogenesis (reviewed in 1). 
The precise mechanism responsible for the initial or sustained immunocyte 
activation in skin is not known. Investigators are also attempting to discern the 
genetic basis for psoriasis, and ultimately the gene or genes responsible for 
causing the disease will be linked either directly or indirectly to immunocyte 
activation since it is clear from a number of clinical and basic research laboratories 
that psoriasis is dependent on the immune system for its initial appearance and 
prolonged appearance in the skin (reviewed in 2). 
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Recently, a rare type of memory T cell that also expressed receptors on 
natural killer cells (i.e., so-called NK-T cells) was discovered in the epidermis of 
acute and chronic psoriatic plaques (3,4). While these immunocytes had been 
previously overlooked in the human skin, other investigators had identified them 
in the blood, bone marrow, spleen and thymus in various rodents. The NK-T cells 
in mice were predominantly characterized as having an invariant T cell receptor, 
and gained further recognition in an immunoregulatory context involving both 
autoimmune as well as inflammatory and neoplastic disorders (5-8). Very little 
was previously known regarding the presence, function, or significance of NK-T 
cells in human subjects. Whether NK-T cells were functioning in a direct 
(pathogenic) or indirect (immunoregulatory) context in human disease was also 
not previously explored in human subjects. 

Many treatments are available to treat psoriasis that focus on the immune 
system. However, none of the widely used immunosuppressive therapies interrupt 
a specific ligand-receptor pathway. For example, treatments such as cyclosporin 
A, corticosteriods or ultraviolet light act in a non-specific fashion to turn off 
lymphocyte activation with a "shot-gun" like effect. Since such general 
immunosuppressive strategies are accompanied by side effects, including risk for 
adrenal suppression, opportunistic infection or neoplasms, more highly targeted 
treatments are clearly indicated. By focusing specifically on the NK-T cell surface 
molecules, such as CD94, CE158a, CD185b and CD161, or their respective 
ligands, this invention provides a much needed and novel treatment approach to 
psoriasis, as well as other NK-T cell mediated disorders. 

BRIEF SUMMARY OF THE INVENTION 

As described herein, the inventor has discovered the presence of NK-T 
cells in psoriasis, characterized the expression of their surface receptors and 
respective ligands, and demonstrated that NK-T cells are pathogenic for psoriasis. 
A novel pathophysiological basis for psoriasis was established in which NK-T 
cells bearing surface receptors such as CD94, CD 158a, CD 158b and CD161 
interact with MHC class 1 or MHC class I-like (i.e., CDld) on the surface of 
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antigen presenting cells such as keratinocytes (2). Described herein are methods 
of inhibiting the interaction of NK-T cell receptors with their respective ligands, 
thereby interfering with the stimulation of the NK-T cells. Such inhibition of this 
molecular interaction and of the subsequent resulting stimulation., prevents. 
5 reverses or reduces the formation of psoriasis. 

As used herein, the term '"novel ligand/receptors" refers to NK-T eel! 
receptors (and any and all homologs) such as CD94, CD 158a, CD 158b or CD161; 
as well as their respective ligands including (any and all functional homologs) 
such as MHC class I antigens, and non-classical MHC class Mike molecules such 

10 as CD Id. 

Furthermore, described herein are methods of treating cutaneous and 
extracutaneous disorders by inhibiting the interaction of NK-T cell receptors such 
as CD94, CD 158a, CD 158b, and CD161, with their respective ligands. Besides 
psoriasis, diseases that can be treated with this invention include several benign 

15 and malignant immunologically-mediated disorders such as: atopic dermatitis, 

alergic and irritant contact dermatitis, lupus erythematosus, lichen planus, drug- 
induced dermatitides, alopecia areata, androgenetic alopecia, and autoimmune 
blistering disorders. 

Rather than inhibiting the activation of NK-T cells, it is also possible to 

20 increase or trigger the activation of these cells by contacting the cells with one or 

more compounds that (1) increase expression of either receptors or ligands, (2) 
that bind to the receptor and cause activation of the cell, or (3) that affect 
components of the cell signaling pathway associated with activation through NK-T 
cell receptors thereby bypassing the requirement for receptor/Iigand interaction for 

25 activation. Such methods may be particularly useful for combating infectious and 

neoplastic assaults. Infections treatable with the methods of the present invention 
include, but are not limited to, viral infections (such as those caused by 
papillomaviruses, herpes viruses, or CMV), bacterial infections (such as those 
caused by staphylococcus, streptococcus, or pseudomonas), and fungal infections 

30 (such as those caused by Candida, trichophyton, or ptyrosporum). 
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BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1. Illustration of a proposed mechanism by which activated 
immunocytes induce psoriasis. 

DETAILED DESCRIPTION OF THE INVENTION 

Psoriasis, a common and inherited skin disease, can be transferred through 
immunocytes using a novel animal model experimental system developed by the 
inventor (9). Thus symptomless (PN) skin engrafted onto SCID mice may be 
induced to become a full fledged psoriatic plaque by injection of activated 
immunocytes (10). To further understand the local immune reactions taking place 
in the injected skin grafts, the inventor examined for acute activation markers such 
as CD69 and CD25. As there was acute reactivation taking place, the inventor 
began a search for the molecular basis for such immunological activation (11). 

Moreover, not only was psoriasis being created using autologous 
combinations of skin and immunocytes, but also in allogenic settings as well (3). 
This unexpected finding led the investigator to consider the involvement of non- 
conventional immunocytes such as NK-T cells. 

To explore the possible involvement of NK-T cells, the inventor began 
immunostaining of cryostat sections obtained from the grafts before and 
immediately after injection of activated immunocytes and discovered the presence 
of T cells bearing these receptors (i.e., CD94, CD 158a, CD 15 8b or CD1 61 ). 
Although the ligand for CD161 (CDld) was previously believed to be restricted to 
the thymus and intestinal tract (2), the inventor discovered that psoriatic lesions 
had overexpression of CDld as well (3). 

Thus, these SCID mouse model based discoveries facilitated the 
recognition of these previously overlooked immunocytes and one of their 
important ligands (i.e., CDld). The interaction between immunocytes bearing 
CD94, CD 158a, CD 15 8b and CD 161 with the epidermal cells bearing MHC 
class I antigens and CDld produced an immunological reaction that did not 
include any killing or cytopathic effect (graft versus host disease) on the 
keratinocytes. Rather the interaction triggered keratinocyte and endothelial cell 
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psoriatic plaque in which CD 161 positive NK-T cells were juxtaposed to CD Id 
expressing keratinocytes. 

To verify that this CD161+ NK-T cell line could recognize keratinocyte 
CD Id. cultured multi-passage keratinocytes were pre-incubated with IFN-gamma 
(to up-regulate their CD Id), and then co-incubated with the NK-T cell line. While 
normal keratinocytes with low or absent CDld did not produce NK-T cell 
proliferation or cytokine release, when the pre-Lreated keratinocytes were mixed 
with NK-T cells, the NK-T cells became activated by forming clusters, 
incorporating tritiated thymidine and secreting large amounts of the Th-1 cytokine 
(IFN-gamma), but not the Th-2 type cytokine IL-4. 

This activation was dependent on CDld recognition as addition of a 
blocking antibody against CDld blocked the proliferation and cytokine release. 
The production of IFN-gamma is of particular note, because it has already been 
established that injection of IFN-gamma into the symptomless skin of patients can 
trigger the cellular immune response necessary to create psoriasis (2). 

Thus, the Examples demonstrate not only that blocking the interaction of 
natural killer receptors on NK-T cells with their respective ligands prevents 
psoriasis but also that NK-T cells are directly pathogenic and that CD161 bearing 
NK-T cells can recognize and become activated by CDld positive keratinocytes. 

NK-T Cell Receptors 

Previously, receptors for class I MHC molecules and class I-like molecules., 
such as CD94, CD 158a, CD 15 8b or CD 161, were predominantly the focus of 
investigators interested in natural killer cell activity. In general, there are two 
broad classes of such receptors (12) including those receptors which contain a 
lectin-like domain (such as CD94 or CD161), and those that contain 
immunoglobulin (IG) superfamily-like domains (such as CD158a or CD 158b). 

The inventor has determined that immunocytes, and more particularly NK- 
T cells, are involved in the pathophysiology of psoriasis, and that blocking the 
pathway involving these novel ligand/receptor interactions will improve and 
prevent psoriatic plaques. By improve, it is meant that psoriasis is reduced at least 
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about 20% in a treated patient as compared to an untreated patient. In preierred 
embodiments, psoriasis is reduced by at least about 50% in a treated patient as 
compared to an untreated patient. Of course, reductions in psoriasis in treated 
patients of about 25%, 30%, 35%. 40 %, 45%, 55%, 60%, 65%, 70%. 75%, 80%. 
85%, 90%, 95%, and 100% over untreated patients are considered improvements 
also. 

To determine reduction, one may look at a number of psoriatic symptoms 
that include but are not limited to, decreased thickness of psoriatic plaque, 
decreased circumference of psoriatic plaque, amount of scaliness of the plaque, 
redness, and decreased pruritus. 

The invention is not limited to the specific receptor/ligands named herein 
but also includes as novel ligand/receptors any related or non-related members of 
the c-lectin and immunoglobulin gene superfamily homologs that recognize MHC 
class I genes, and the homologs of MHC class I genes within the MHC cluster on 
chromosome #6, as well as non-classical MHC-like gene products on chromosome 
#1 (CDld), and the gene cluster containing other differentiation-related gene 
products that are functional homologs for NK-T cell modulation. Essentially, the 
interaction of any receptor on the surface of NK-T cells and their respective 
ligands that leads to stimulation of NK-T cell function may be targeted by the 
methods described herein. 

Since CD94 and CD161 are lectin type C receptors, carbohydrate 
modifications of certain class I alleles, glycolipids that may bind to the class I or 
non-classical molecules such as CDld, or signal sequence derived peptides may 
also be targeted by the methods disclosed herein. 

It has been demonstrated that certain alleles within class 1 MHC molecules 
such as the amino acid of positions 77 and 80 of the alpha- 1 helix influence • 
recognition by relevant NK-receptors (13). Furthermore, no bound peptides were 
necessary, and another group has epidemiological data implicating a change in 
amino acid residue 73 of HLA-C which is strongly associated with psoriasis (14). 
It has also been recognized that a transmembrane component of HLA-Cw6 (cys- 
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309) may influence recognition by NK receptors, and CD Id also has a comparable 
amino acid in its transmembrane domain as well (15). 

One report (16) has observed genetic linkage on chromosome #1 near the 
region where CDld is encoded. However, these investigators did not recognize 
the link to CDld. The inventor contemplates that the genetic linkage may be due 
to a mutation in the CDld which resides on chromosome #1. Thus, both residues 
exposed on the surface, or in the transmembrane domains of the MHC class I. or 
non-classical MHC-Iike antigen, can influence recognition by relevant NK-T cells. 
Therefore, within the scope of this invention is the use of compounds thai interfere 
with the ability of NK-T cell receptors to recognition specific residues of MHC 
class 1 or class Hike conformations. 

In a preferred embodiment, antibodies specific for a receptor that 
recognizes either an MHC class 1 molecule or a class I-like molecule (such as 
CDld) known to be associated with psoriasis are used. Methods of treating 
patients with antibodies or antibody fragments are known in the ait (U.S. Patent 
No. 5,914.1 10, incorporated herein by reference). Essentially any molecule 
(naturally produced or chemically synthesized), including peptides, that prevents 
or reduces the interaction of one or more NK-T cell receptor with its respective 
ligands may be used. 

Furthermore, it is contemplated that methods targeting expression of the 
novel ligand/receptors, such as antisense technologies or through administration of 
compounds (such as cytokines) that modulate the expression of such receptors, 
may be used to alter the interaction of the molecules. Of course, in embodiments 
wherein one wishes to decrease the interaction, one would decrease the level of 
expression of one or more of the novel ligand/receptors; in embodiments wherein 
one wishes to increase the interaction, one would increase the level of expression 
of one or more of the novel ligand/receptors. 

In some embodiments, compositions targeting expression of a novel 
ligand/receptor may comprise nucleic acids encoding antisense constructs that 
hybridize, under intracellular conditions, to novel ligand/receptor nucleic acids. 
The term "antisense construct" is intended to refer to nucleic acids, preferably 
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oligonucleotides, that are complementary to the base sequence of a target DNA or 
RNA. Antisense oligonucleotides, when introduced into a target cell, specifically 
bind to their target nucleic acid and interfere with transcription, RNA processing, 
transport, translation and/or stability. 

Antisense constructs may be designed to bind to the promoter and other 
control regions, exons, introns or even exon-intron boundaries of a gene. 
Antisense RNA constructs, or DNA encoding such antisense RNA's, may be 
employed to inhibit gene transcription or translation or both within a host cell, 
either in vitro or in vivo, such as within a host animal, including a human subject. 
Nucleic acid sequences which comprise "complementary nucleotides" are those 
which are capable of base-pairing according to the standard Watson-Crick 
complementarity rules. That is, that the larger purines will base pair with the 
smaller pyrimidines to form combinations of guanine paired with cytosine (G:C) 
and adenine paired with either thymine (A:T), in the case of DNA, or adenine 
paired with uracil (A:U) in the case of RNA. Inclusion of less common bases such 
as inosine, 5-methylcytosine, 6-methyladenine, hypoxanthine and others in 
hybridizing sequences does not interfere with pairing. 

As used herein, the terms "complementary" means nucleic acid sequences 
that are substantially complementary over their entire length and have very few 
base mismatches. For example, nucleic acid sequences of fifteen bases in length 
may be termed complementary when they have a complementary nucleotide at 
thirteen or fourteen positions with only a single mismatch. Naturally, nucleic acid 
sequences which are "completely complementary" will be nucleic acid sequences 
which are entirely complementary throughout their entire length and have no base 
mismatches. 

Other sequences with lower degrees of homology also are contemplated. 
For example, an antisense construct which has limited regions of high homology, 
but also contains a nonhomologous region (e.g., a ribozyme) could be designed. 
These molecules, though having less than 50% homology, would bind to target 
sequences under appropriate conditions. 
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While all or part of a novel ligand/receptor gene may be employed in the 
context of antisense construction, short oligonucleotides are easier to make and 
increase in vivo accessibility. However, both binding affinity and sequence 
specificity of an antisense oligonucleotide to its complementary target increases 
with increasing length. One can readily determine whether a given antisense 
nucleic acid is effective at targeting of the corresponding host cell gene simply by 
testing the constructs in vitro to determine whether the function of the endogenous 
gene is affected or whether the expression of related genes having complementary 
sequences is affected. 

In certain embodiments, one may wish to employ antisense constructs 
which include other elements, for example, those which include Co propyne 
pyrimidines. Oligonucleotides which contain Co propyne analogues of uridine 
and cytidine have been shown to bind RNA with high affinity and to be potent 
antisense inhibitors of gene expression. In preferred embodiments, the antisense 
construct is a protein nucleic acid. 

Examples of antisense molecules along with methods of making antisense 
molecules are discussed in Svnthecell Synthesis , volume 2, Issue 1, p. 1-66, 1990 
(incorporated herein by reference). 

MHC Class I Molecules 

The present invention utilizes the ability to prevent or treat cutaneous or 
extracutaneous diseases by blocking the interaction of NK-T cell receptors and 
MHC class I molecules. Besides the 3 classical MHC class I molecules (HLA-A, - 
B, and -C), there are also nonclassical MHC molecules (CD Id) that may be 
involved in recognition by receptors on NK cells. Examples of inhibitory 
reactions mediated by such non-classical MHC molecules include ITLA-G and 
HLA-E (1 7,1 8). The primary NK surface receptor molecule that interacts with 
HLA-E (and signal sequences derived from HLA-A, B, C) is the CD94 molecule. 
The primary NK surface receptor that interacts with CD 1 d is CD1 6 1 . 

In a preferred embodiment, antibodies specific for a MHC class 1 molecule 
or a class 1-like molecule (e.g., CDld) associated with psoriasis are used to block 
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the interaction of these molecules with NK-T cell receptors. The role of MHC 
class 1 molecule - NK-T cell interaction described herein explains the historic 
disease susceptibility loci for psoriasis; see Table I ( 1 9-23). The inventor 
contemplates that antibodies to essentially any of these molecules may be used 
the methods of the present invention. 



Table I. Association Of HLA Antigens With Psoriasis 





Year 


HLA antigens 


Russell et al. 


1 97? 


B13 [AIT], B17 [wl7] 


wuite et ai. 


197? 


B13 [A131, B17 1A171 


Seignalet et al. 


1974 

1 / H 


B13 [A13], B17 [A17] 


oCnuntei 6L ^cnicicibiciii 


1974 


B13 IA13 I, B17 A 17] 


Svejgaard et al. 


1974 


B13,B17 


Woodrow et al. 


1975 


B13 1A131 B17 [A171 


Krulig et al 


1975 


B13 [wl6, B17 [wl7] 


Karvonen 


1975 


B13. Bw37 


Zachariae et al. 


1977 


B13. B17. B27 Bw37 


Gazit et al. 


1978 


B13.B17, B37. Cw6 


Brenner et al. 


1978 


B13,B17. B37Cw6 


Hawkins et al 


1980 


B13, Bw57 (B17), Bw58(B17),Bw39(16), Cw6, 
DR7 


Tiilikainen et al 


1980 


B13,Bw57(B17), Cw6, Dr7 


Tiwari & Terasaki 


1981 


Dr7 


Henseler & Christophers 


1985 


Cw6 


Ozawa et al. 


1988 


B13, Bw37. Bw57(B17). Cw6, Cw2. Dr7, Cwl 1 


Nakagawa et al. 


1990 


Cwll 


Christophers & Henseler 


1990 


A30, B13, Bw57, Cw6 


Asahina et al. 


1991 


Cw9 


Nakagawa et al. 


1991 


Al, A2, B39, Bw46. Cw6. Cw7 Cwl 1 


Schmitt Egenolf et al. 


1993 


C\v7-B5 7-DRB 1 *07() 1 /02(DR7)-DQA 1*0201- 
ADQB 1*0303 {DQw9(w3)} 


Jenisch et al. 


1995 


DRB 11*0701 -DQA1 *020 1 -DQB 1*0303 



Modified from Henseler T, Christophers E. HLA and psoriasis. In: 
Dubertret L, editor. Psoriasis. Breschia: ISED; 1994. P. 10-13.*Antigens 
presented in square brackets are the HLA designations found in the reference, 
which have been replaced by the newer designations listed. Antigens listed in 
parenthesis are the "parent" antigens of the indicated "split" antigens. Antigen 
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presented in braces are the HLA determinants of the listed HLA alleles. Real 
haplotypes are combined with a hyphen. A description of HLA antigen 
nomenclature is provided in Ref. #22. The references enumerated in the table arc 
incorporated herein by reference. 

The strongest linkage to certain MHC class 1 alleles can be understood by 
the relative ability of various class I alleles to serve as the appropriate ligand to 
differentially stimulate NK-T cells bearing their receptors, i.e. CD94 : CD1 58a ; 
CD 15 8b, CD161 (See Table II). In other words, if you express HLA-Cw6 (or 
other relevant MHC molecules), this surface molecule will trigger an 
immunological reaction mediated by immunocytes expressing CD94, CD 15 8a, 
CD158b, or CD161. 

Table II: Relationship between HLA class I receptors and Various HLA 
Antigens. 



HLA class 1 Receptors and 
HLA-class I-like Receptor 


HLA Antigens Recognized by Natural Killer 
Receptors including non-classical CDld 


CD94 


HLA-A, B 3 C signal sequence derived peptides 
combined with HLA-E 


CD158a 


Cw2 ; Cw5. Cw6 


CD158b 


Cwl, Cw3, Cw7 s Cw8 


CD161 


CDld 



Of course, there are likely to be other examples of such ligand: receptor 
interactions that also function in a similar fashion as described above for class 1 
MHC and CD94/CD158a/CD158b/CD161. There are other related non-classical 
type molecules and/or other family members of both the lectin-like type and 
immunoglobulin superfamily type. 



Methods for Preparing Antibody Compositions 

In particular embodiments of the present invention, antibodies are used to 
block the interaction of a novel ligand/receptor. In other embodiments, antibodies 
may be used to activate NK-T cells by binding to one or more receptors. Besides 
commercially available antibodies (some of which are enumerated herein). 
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antibodies may be developed to a novel ligand/receptor and used in the methods of 
the present invention. 

The antibody compositions for use in the methods of the present invention 
may be produced by a number of methods. Means for preparing and 
characterizing antibodies are well known in the art (See e.g., Harlow and Lane. 
1988). Reference to antibodies throughout the specification includes whole 
polyclonal and monoclonal antibodies (mAbs), and parts thereof, either alone or 
conjugated with other moieties. Antibody parts include Fab and F(ab) 2 
fragmented and single chain antibodies. The antibodies may be made in vivo in 
suitable laboratory animals, non-laboratory animals (U.S. Patent No. 5,891,698, 
incorporated herein by reference) or in vitro using recombinant DNA techniques 
(e.g., U.S. Patent Nos. 4,975,369 and 5,225.539). The antibodies may be 
humanized (U.S. Patent Nos. 5,891,996 and 5.889.157, incorporated herein by 
reference). 

Briefly, a polyclonal antibody of the present invention is prepared by 
immunizing an animal with an immunogen comprising a novel ligand/receptor or 
peptide derived therefrom and collecting antisera from that immunized animal. A 
wide range of animal species can be used for the production of antisera. Typically 
an animal used for production of antisera is a sheep, a donkey, a chicken, a rabbit, 
a mouse, a rat, a hamster, a goat, or a guinea pig. Because of the relatively large 
blood volume of rabbits, a rabbit is a preferred choice for production of polyclonal 
antibodies. 

As is well known in the art, a given composition may vary in its 
immunogenicity. It is often necessary therefore to boost the host immune system, 
as may be achieved by coupling a peptide or polypeptide immunogen to a carrier. 
Exemplar)' and preferred carriers are keyhole limpet hemocyanin (KLH) and 
bovine serum albumin (BSA). Other albumins such as ovalbumin, mouse serum 
albumin or rabbit serum albumin can also be used as carriers. Means for 
conjugating a polypeptide to a carrier protein are well known in the art and include 
glutaraldehyde, w-maleimidobenzoyl-N-hydroxysuccinimide ester, carbodiimide 
and bis-diazotized benzidine. 
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Antibodies, both polyclonal and monoclonal, specific for novel 
ligand/receptor may be prepared using immunization techniques, as are generally 
known to those of skill in the art. A composition containing antigenic epitopes of 
the polypeptide of interest is used to immunize one or more experimental animals, 
5 such as a rabbit or mouse, which will then proceed to produce specific antibodies 

against the polypeptide. Polyclonal antisera may be obtained, after allowing time 
for antibody generation, by bleeding the animal and preparing serum samples from 
the whole blood. 

In preferred embodiments, the antibodies for use in the methods of the 

10 present invention are further purified by a process known as affinity purification. 

Methods of affinity purification of antisera, or other antibody compositions, are 
well known to those of skill in the art. Generally, an antibody composition is 
subjected to chromatography wherein the antigen is coupled to the resin of a 
column. Antibodies that are immunoreactive with the antigen are retained in the 

15 column, whereas antibodies (and other .proteins) that are not immunoreactive with 

the antigen flow through. The immunoreactive antibodies are then eluted from the 
column. Elution may be by a number of methods. One such method includes the 
addition of 100% ethylene glycoi to the column. 

The amount of immunogen composition used in the production of 

20 polyclonal antibodies varies upon the nature of the immunogen, as well as the 

animal used for immunization. A variety of routes can be used to administer the 
immunogen (subcutaneous, intramuscular, intradermal, intravenous and 
intraperitoneal). The production of polyclonal antibodies may be monitored by 
sampling blood of the immunized animal at various points following 

25 immunization. A second, booster injection, also may be given. The process of 

boosting and titering is repeated until a suitable titer is achieved. When a desired 
level of immuneogenicity is obtained, the immunized animal can be bled and the 
serum isolated and stored, and/or the animal can be used to generate mAbs. One 
of the aspects of the present invention is a polyclonal sera that is relatively 

30 homogenous with respect to the specificity of the antibodies therein. Typically, 

polyclonal antisera is derived from a variety of different "clones. 5 ' i.e.. B cells of 
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different lineage; mAbs, by contrast, are defined as coming from antibody- 
producing cells with a common B-cell ancestor, hence their "mono" clonality. 

mAbs may be readily prepared through use of techniques such as those 
exemplified in U.S. Patent 4,196,265. Typically, the production of mAbs involves 
immunizing a suitable animal with a selected immunogen composition, e.g., a 
purified or partially purified protein, polypeptide or peptide. The immunization 
composition is administered in a manner effective to stimulate antibody producing 
cells. Rodents such as mice and rats are preferred animals, however, the use of 
rabbit, sheep or frog cells is also possible. The use of rats may provide certain 
advantages, but mice are preferred, with the BALB/c mouse being most preferred 
as this is most routinely used and generally gives a higher percentage of stable 
fusions. 

Following immunization, somatic cells with the potential for producing 
antibodies, specifically B lymphocytes (B cells), are selected for use in the mAb 
generating protocol. These cells may be obtained from biopsied spleens, tonsils or 
lymph nodes, or from a peripheral blood sample. Spleen cells and peripheral 
blood cells are preferred, the former because they are a rich source of antibody- 
producing cells that are in the dividing plasmablast stage, and the latter because 
peripheral blood is easily accessible. Often, a panel of animals will have been 
immunized and the spleen of animal with the highest antibody titer will be 
removed and the spleen lymphocytes obtained by homogenizing the spleen with a 
syringe. Typically, a spleen from an immunized mouse contains approximately 
about 5 x 1 0 7 to about 2 x 10 8 lymphocytes. 

The antibody-producing B lymphocytes from the immunized animal are 
then fused with cells of an immortal myeloma cell, generally one of the same 
species as the animal that was immunized. Myeloma cell lines suited for use in 
hybridoma-producing fusion procedures preferably are non-antibody producing, 
have high fusion efficiency, and enzyme deficiencies that render them incapable of 
growing in certain selective media which support the growth of only the desired 
fused cells (hybridomas). 
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Any one of a number of myeloma cells may be used, as are known to those 
of skill in the art. For example, where the immunized animal is a mouse, one may 
use P3-X63/Ag8, X63-Ag8 ; 653, NS1/L Ag4 1, Sp210-Agl4, FO, NSO/U. MPC- 
1L MPC11-X45-GTG 1.7 and S194/5XX0 Bui. For rats, one may use 
R210.RCY3, Y3-Ag 1.2.3, IR983F and 4B210. U-266, GM 1500-GRG2. LICR- 
LON-HMy2 and UC729-6 are all useful in connection with human cell fusions. 

One preferred murine myeloma cell is the NS-1 myeloma cell line (also 
termed P3-NS-l-Ag4-l), which is readily available from the NIGMS Human 
Genetic Mutant Cell Repository by requesting cell line repository number 
GM3573. Another mouse myeloma cell line that may be used is the 8-azaguanine- 
resistant mouse murine myeloma SP2/0 non-producer cell line. 

Methods for generating hybrids of antibody-producing spleen or lymph 
node cells and myeloma cells usually comprise mixing somatic cells with 
myeloma cells in a 2:1 ratio, though the ratio may vary from about 20:1 to about 
1:1. respectively, in the presence of an agent or agents (chemical or electrical) that 
promote the fusion of cell membranes. Fusion methods using Sendai virus have 
been described, and those using polyethylene glycol (PEG), such as 37% (v/v) 
PEG. The use of electrically induced fusion methods is also appropriate. 

Fusion procedures usually produce viable hybrids at low frequencies, about 
I x 10' 6 to about. 1 x 10" H . However, this does not pose a problem, as the viable, 
fused hybrids are differentiated from the parental, unfused cells (particularly the 
unfused myeloma cells that would normally continue to divide indefinitely) by 
culturing in a selective medium. The selective medium is generally one that 
contains an agent that blocks the cie novo synthesis of nucleotides in the tissue 
culture media. Exemplary and preferred agents are aminopterin, methotrexate, and 
azaserine. Aminopterin and methotrexate block de novo synthesis of both purines 
and pyrimidines, whereas azaserine blocks only purine synthesis. Where 
aminopterin or methotrexate is used, the media is supplemented with 
hypoxanthine and thymidine as a source of nucleotides (HAT medium). Where 
azaserine is used, the media is supplemented with hypoxanthine. 
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The preferred selection medium is HAT. Only cells capable of operating 
nucleotide salvage pathways are able to survive in HAT medium. The myeloma 
cells are defective in key enzymes of the salvage pathway, e.g.. hypoxanthine 
phosphoribosyl transferase (HPRT), and they cannot survive. The B-cells can 
operate this pathway, but they have a limited life span in culture and generally die 
within about two weeks. Therefore, the only cells that can survive in the selective 
media are those hybrids formed from myeloma and B-cells. 

This culturing provides a population of hybridomas from which specific 
hybridomas are selected. Typically, selection of hybridomas is performed by 
culturing the cells by single-clone dilution in microtiter plates, followed by testing 
the individual clonal supernatants (after about two or three weeks) for the desired 
reactivity. The assay should be sensitive, simple and rapid, such as 
radioimmunoassays, enzyme immunoassays, cytotoxicity assays, plaque assays, 
dot immunobinding assays, and the like. 

The selected hybridomas would then be serially diluted and cloned into 
individual antibody-producing cell lines, which clones can then be propagated 
indefinitely to provide mAbs. The cell lines may be exploited from mAb 
production in two basic ways. A sample of the hybridoma can be injected (often 
into the peritoneal cavity) into a histocompatible animal of the type that was used 
to provide the somatic and myeloma cells for the original fusion. The injected 
animal develops tumors secreting the specific mAb produced by the fused cell 
hybrid. The body fluids of the animal, such as serum or ascites fluid, can then be 
tapped to provide mAbs in high concentration. The individual cell lines could also 
be cultured in vitro, where the mAbs are naturally secreted into the culture 
medium from which they can be readily obtained in high concentrations. mAbs 
produced by either means may be further purified, if desired, using filtration, 
centrifugation and various chromatographic methods such as HPLC or affinity 
chromatography. 

Whether polyclonal or monoclonal, antibodies to a novel ligand/receptor 
may be characterized for their ability to block the interaction of the novel 
ligand/receptors as described in the Examples herein, furthermore, one may test 
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the ability of antibodies to novel ligand/receptors to activate NK-T cells by 
incubating the cells with various dilutions of antibodies and measuring indicators 
of activation (such as IFN-gamma production). If activation con-elates with 
antibody concentration, then the antibody is able to activate NK-T cells. 
NK-T Cell Associated Diseases 

Besides psoriasis, the methods of the present invention also include 
treatment of other cutaneous or extracutaneous disorders or diseases including: 
atopic dermatitis, allergic contact dermatitis, irritant contact dermatitis, lupus 
erythematosus, lichen planus, various drug-induced dermatitides. alopecia areata, 
androgenetic alopecia, and autoimmune blistering disorders (bullous pemphigoid 
or pemphigus vulgaris). 

It should be noted that the successful management of the skin lesions of 
psoriatic plaques will improve the arthritis that can accompany such skin lesions. 
It is generally believed the arthritis (which is rheumatoid factor unrelated) 
associated with psoriasis results from a "spill-over" effect of cytokines and other 
inflammatory mediators from the skin into the adjacent synovial tissue. Thus, 
agents designed to interrupt the NK-T cells activation pathway in skin will also 
lead to improvement (i.e.. disappearance) of the arthritic component that can 
produce significant morbidity. 

Because of the similarity in clinical features and immunopathogenic 
pathways shared by psoriasis and several other autoimmune diseases (1) such as 
multiple sclerosis, diabetes mellitus, rheumatoid arthritis, and inflammatory bowel 
disorders (Crohn's disease and ulcerative colitis) this therapeutic approach will 
also be successful in the treatment of these common human diseases that are 
linked to certain HLA alleles, and in which activated NK-T cells mediate the 
disease. 

It is also clinically well established that psoriatic patients have significantly 
reduced incidence of skin infections and tumors. Thus agents that can enhance the 
interaction of one or more NK-T cell receptors with their respective ligands are 
indicated for treatment of cutaneous infections and neoplasms in non-psoriatic 
patients. Alternatively, compounds that are capable of facilitating the binding or 
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enhancing functional interactions involving NK-T cell receptors such that binding 
leads to activation of these immunocytes may be used to treat infectious and 
neoplastic assaults. 

Since NK-T cells may bridge the innate and acquired immune system, it is 
possible that the reason psoriasis is so prevalent is because these patients possess 
these NK-T cells which can rapidly and effectively combat infections and 
neoplasms. The formation of plaques may be the price these individuals pay to be 
able to so effectively resist potentially deadly infections or metastatic skin cancers. 
Pharmaceuticallv Acceptable Carriers 

In certain embodiments of the present invention compositions comprising 
compounds capable of altering the activation of NK-T cells are administered to a 
patient. The compound may be dissolved or dispersed in a pharmaceutically 
acceptable carrier or aqueous medium. Aqueous compositions of gene therapy- 
vectors expressing novel receplor/ligands, mutants thereof, or antisense nucleic 
acids are also contemplated. The phrases "pharmaceutically or pharmacologically 
acceptable" refer to molecular entities and compositions that do not produce an 
adverse, allergic or other untoward reaction when administered to an animal, or a 
human, as appropriate. 

As used herein, "pharmaceutically acceptable carrier" includes any and all 
solvents, dispersion media, coatings, antibacterial and antifungal agents isotonic 
and absorption delaying agents and the like. The use of such media and agents for 
pharmaceutical active substances is well known in the art. Except insofar as any 
conventional media or agent is incompatible with the active ingredient, its use in 
the therapeutic compositions is contemplated. Supplementary active ingredients 
ean also be incorporated into the compositions. 

For human administration, preparations should meet sterility, pyrogenicity. 
general safety and purity standards as required by FDA Office of Biologies 
standards. 

The biological material should be extensively dialyzed to remove undesired 
small molecular weight molecules and/or lyophilized for more ready formulation 
into a desired vehicle, where appropriate. The active compounds will then 
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generally be formulated for parenteral administration, e.g., formulated for 
injection via the intravenous, intramuscular, subcutaneous, intralesional, or even 
intraperitoneal routes. 

The preparation of an aqueous composition that contains a compounds 
capable of altering the activation of NK-T cells as an active component or 
ingredient will be known to those of skill in the art in light of the present 
disclosure. Typically, such compositions can be prepared as injectables, either as 
liquid solutions or suspensions; solid forms suitable for using to prepare solutions 
or suspensions upon the addition of a liquid prior to injection can also be prepared; 
and the preparations can also be emulsified. 

The pharmaceutical forms suitable for injectable use include sterile 
aqueous solutions or dispersions; formulations including sesame oil, peanut oil or 
aqueous propylene glycol: and sterile powders for the extempraneous preparation 
of sterile injectable solutions or dispersions. In all cases the form must be sterile 
and must be fluid to the extent that easy syringability exists. It must be stable 
under the conditions of manufacture and storage and must be preserved against the 
contaminating action of microorganisms, such as bacteria and fungi. 

Solutions of the active compounds as free base or pharmacologically 
acceptable salts can be prepared in water suitably mixed with a surfactant, such as 
hydroxypropylcellulose. Dispersions can also be prepared in glycerol, liquid 
polyethylene glycols, and mixtures thereof and in oils. Under ordinary conditions 
of storage and use, these preparations contain a preservative to prevent the growth 
of microorganisms. 

A protein, polypeptide, antibody, agonist or antagonist for use in the 
methods of the present invention can be formulated into a composition in a neutral 
or salt form. Pharmaceutically acceptable salts, include the acid addition salts 
(formed with the free amino groups of the protein) and which are formed with 
inorganic acids such as, for example, hydrochloric or phosphoric acids, or such 
organic acids as acetic, oxalic, tartaric, mandelic, and the like. Salts formed with 
the free carboxyl groups can also be derived from inorganic bases such as, for 
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example, sodium, potassium, ammonium, calcium, or ferric hydroxides, and such 
organic bases as isopropylamine. trimethylamine. histidine. procaine and the like. 

The carrier can also be a solvent or dispersion medium containing, for 
example, water, ethanol, polyol (for example, glycerol, propylene glycol, an liquid 
polyethylene glycol, and the like), suitable mixtures thereof, and vegetable oils. 
The proper fluidity can be maintained, for example, by the use of a coating, such 
as lecithin, by the maintenance of the required particle size in the case of 
dispersion and by the use of surfactants. The prevention of the action of 
microorganisms can be brought about by various antibacterial and antifungal 
agents, for example, parabens, chlorobutanol, phenol, sorbic acid, thimerosal. and 
the like. In many cases, it will be preferable to include isotonic agents, for 
example, sugars or sodium chloride. Prolonged absorption of the injectable 
compositions can be brought about by the use in the compositions of agents 
delaying absorption, for example, aluminum monostearate and gelatin. 

Sterile injectable solutions are prepared by incorporating the active 
compounds in the required amount in the appropriate solvent with various of the 
other ingredients enumerated above, as required, followed by filtered sterilization. 
Generally, dispersions are prepared by incorporating the various sterilized active 
ingredients into a sterile vehicle which contains the basic dispersion medium and 
the required other ingredients from those enumerated above. In the case of sterile 
powders for the preparation of sterile injectable solutions, the preferred methods of 
preparation are vacuum-drying and freeze-drying techniques which yield a powder 
of the active ingredient plus any additional desired ingredient from a previously 
sterile-filtered solution thereof. 

In terms of using polypeptide therapeutics as active ingredients, the 
technology of U.S. Patents 4,6-8,251; 4,601,903; 4,559,231; 4,559,230; 4,596.792: 
and 4,578,770, each incorporated herein by reference, may be used. 

The preparation of more, or highly, concentrated solutions for direct 
injection is also contemplated, where the use of DMSO as solvent is envisioned to 
result in extremely rapid penetration, delivering high concentrations of the active 
agents to a small tumor area. 
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Upon formulation, solutions will be administered in a manner compatible 
with the dosage formulation and in such amount as is therapeutically effective. 
The formulations are easily administered in a variety of dosage forms, such as the 
type of injectable solutions described above, but drug release capsules and the like 
can also be employed. 

For parenteral administration in an aqueous solution, for example, the 
solution should be suitably buffered if necessary and the liquid diluent first 
rendered isotonic with sufficient saline or glucose. These particular aqueous 
solutions are especially suitable for intravenous, intramuscular, subcutaneous and 
intrperitoneal administration. In this connection, sterile aqueous media which can 
be employed will be known to those of skill in the art in light of the present 
disclosure. For example, one dosage could be dissolved in 1 ml of isotonic NaCl 
solution and either added to 1000 ml of hypodermoclysis fluid or injected at the 
proposed site of infusion, (see for example, "Remington's Pharmaceutical 
Sciences" 15 lh Edition, pages 1035-1038 and 1570-1580). Some variation in 
dosage will necessarily occur depending on the condition of the subject being 
treated. The person responsible for administration will, in any event, determine 
the appropriate dose for the individual subject. 

The active polypeptides or agents may be formulated within a therapeutic 
mixture to comprise about 0.0001 to 1.0 milligrams, or about 0.001 to 0.1 
milligrams, or about 0.1 to 1.0 or even about 10 milligrams per dose or so. 
Multiple doses can also be administered. 

In addition to the compounds formulated for parenteral administration, 
such as intravenous or intramuscular injection, other pharmaceutical^ acceptable 
forms include, e.g., tablets or other solids for oral administration; liposomal 
formulations; time release capsules; and any other form currently used, including 
cremes. 

One may also use nasal solutions or sprays, aerosols or inhalants in the 
present invention. Nasal solutions are usually aqueous solution designed to be 
administered to the nasal passages in drops or sprays. Nasal solutions are prepared 
so that they are similar in many respects to nasal secretions, so that normal ciliary 
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action is maintained. Thus, the aqueous nasal solution usually are isotonic and 
slightly buffered to maintain a pH of 5.5 to 6.5. 

In addition, antimicrobial preservatives, similar to those used in ophthalmic 
preparations, and appropriate drug stabilizers, if required, may be included in the 
formulation. Various commercial nasal preparations are known and include, for 
example, antibiotics and antihistamines and are used for asthma prophylaxis. 

Additional formulatins which are suitable for other modes of administration 
include vaginal suppositories and pessaries. A rectal pessary or suppository may 
also be used. 

Suppositories are solid dosage forms of various weights and shapes, 
usually medicated, for insertion into the rectum, vagina or the urethra. After 
insertion, suppositories soften, melt or dissolve in the cavity fluids. 

In general, for suppositories, traditional binders and carriers may include, 
for example, polyalkylene glycols or triglycerides; such suppositories may be 
formed from mixtures containing the active ingredient in the range of 0.5% to 

10%, preferably l%-2%. 

Vaginal suppositories or pessaries are usually globular or oviform and 
weighing about 5 g each. Vaginal medications are available in a variety of 
physical forms, e.g., creams, gels or liquids, which depart from the classical 
concept of suppositories. Vaginal tablets, however, do meet the definition, and 
represent convenience both of administration and manufacture. 

Oral formulations include such normally employed excipients as, for 
example, pharmaceutical grades of mannitol, lactose, starch, mangesium stearate, 
sodium saccharine, cellulose, magnesium carbonate and the like. These 
compositions take the form of solutions, suspensions, tablets, pills, capsules, 
sustained release formulations or powders. 

In certain defined embodiments, oral pharmaceutical compositions will 
comprise an inert diluent or assimible edible carrier, or they may be enclosed in 
hard or soft shell gelatin capsule, or they may be compressed into tablets, or they 
may be incorporated directly with the food of the diet. For oral therapeutic 
administration, the active compounds may be incorporated with excipients and 
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used in the form of ingestible tablets, buccal tables, troches, capsules, elixirs, 
suspensions, syrups, wafers, and the like. Such compositions and preparations 
should contain at least 0.1% of active compound. The percentage of the 
compositions and preparations may, of course, be varied and may conveniently be 
between about 2 to about 75% of the weight of the unit, or preferably between 25- 
60%. The amount of active compounds in such therapeutically useful composition 
is such that a suitable dosage will be obtained. 

The tablets, troches, pills, capsules and the like may also contain the 
following: a binder, as gum tragacanth, acacia, cornstarch, or gelatin; excipients, 
such as dicalcium phosphate; a disintegrating agent, such as corn starch, potato 
starch, alginic acid an the like; a lubricant, such as magnesium stearate; and a 
sweetening agent, such as sucrose, lactose or saccharin may be added or a 
flavoring agent, such as peppermint, oil of wintergreen, or cherry flavoring. When 
the dosage unit form is a capsule, it may contain, in addition to material of the 
above type, a liquid carrier. Various other materials may be present as coatings or 
to otherwise modify the physical form of the dosage unit. For instance, tablets, 
pills, or capsules may be coated with shellac, sugar or both. A syrup of elixir may 
contain the active compounds sucrose as a sweetening agent methyl and 
propylparabens as preservatives, a dye and flavoring, such as cherry or orange 
flavor. 

Transdermal Delivery 

Although essentially any method of delivery of a compound that prevents 
or decreases the interaction of a NK-T cell receptor and its respective ligand may 
be used, in embodiments of treating disorders of the skin it is preferred that the 
compound is delivered transdermally. 

During recent years much attention has been paid to the development of 
transdermal delivery systems, as a means of mitigating many of the drawbacks 
associated with the parenteral or oral route of administration. (Sloan K B, Adv. 
Drug Delivery Rev. (1989), 67-101). A prerequisite for the development of a 
transdermal delivery system of a compound that prevents or decreases the 
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interaction of a NK-T cell receptor and its respective ligand is. however, that the 
compound that prevents or decreases the interaction of a NK-T cell receptor and 
its respective ligand is capable of penetrating the skin at a sufficiently high rate 
and is not metabolized during the percutaneous absorption. 

It is an object of the present invention to provide a transdermal delivery 
system for a compound that prevents or decreases the interaction of a NK-T cell 
receptor and its respective ligand. Transdermal medicaments are well known to 
those of skill in the art (see for example U.S. Patent No. 5,908,846; U.S. Patent 
No. 5,904.930; U.S. Patent No. 5,902,603; U.S. Patent No. 5.902,602: U.S. Patent 
No. 5,891.461: U.S. Patent No. 5,883,1 15; U.S. Patent No. 5.876,746: U.S. Patent 
No. 5,858,393). In specific embodiments, the transdermal medicament may be a 
patch, a gel matrix, a cream, a colloid, an ointment, a lotion or any other suitable 
form of topical transdermal delivery. 

In particularly preferred embodiments, the present invention provides a 
transdermal patch comprising a reservoir containing a compound that prevents or 
decreases the interaction of a NK-T cell receptor and its respective ligand in a non- 
aqueous matrix. The patch may be placed directly on the lesion. 

Methods and compositions for producing medicaments for transdermal 
delivery are well known to those of skill in the art. The patents listed above have 
been incorporated herein by reference to provide guidance for making such 
transdermal medicaments. 

The actual administration or use of the transdermal compositions according 
to the present invention can be in any conventional form and may follow any of 
the methods generally known to the art. For instance, a compound that prevents or 
decreases the interaction of a NK-T cell receptor and its respective ligand can be 
used in association with any pharmaceutical dosage form such as, for example, but 
not limited thereto, any solution, ointment, lotion, paste, jelly, gel, cream, spray or 
aerosol generally known to the art. As such, a compound that prevents or 
decreases the interaction of a NK-T cell receptor and its respective ligand in 
association with the pharmaceutical dosage form can be used directly as a topical 
composition or used in combination with an additional drug delivery device, for 
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example, but not limited thereto, patches, gauze, compresses, or the like, again, as 
generally known in the art. The dosage forms may contain any type of absorption 
or permeation enhancers such as fatty acids, fatty acid esters and fatty alcohols or 
any other non-toxic compounds which are known to increase skin permeability. In 
particular, the transdermal compositions, can be administered in the form of a 
h7patch wherein, a compound that prevents or decreases the interaction of a NK-T 
cell receptor and its respective ligand is present in a polymeric matrix or in a 
reservoir system combined with a polymeric rate controlling membrane. 

"Permeation enhancer" or "absorption enhancer" as used herein relates to 
any agent that increases the permeability of skin to a compound that prevents or 
decreases the interaction of a NK-T cell receptor and its respective ligand. i.e.. so 
as to increase the rate at which a compound that prevents or decreases the 
interaction of a NK-T cell receptor and its respective ligand penetrates through the 
skin and enters the bloodstream. The enhanced permeation effected through the 
use of such enhancers can be observed by measuring the rate of diffusion of drug 
through animal or human skin using a diffusion cell apparatus. Such devices are 
well known to those of skill in the art (see for example U.S. Patent No. 5,906,830). 

U.S. Patent 5,906,830 (incorporated herein by reference) describes methods 
for manufacturing transdermal drug delivery systems containing supersaturated 
drug reservoirs, such that higher drug fluxes are obtained. These methods involve 
heating the drug reservoir components to a predetermined temperature. Generally, 
this temperature is higher than the depressed melting temperature of the polymer- 
drug admixture which will serve as the drug reservoir. It is contemplated that the 
methods described therein will be useful for producing the transdermal delivery 
medicaments of the present invention. 

U.S. Patent No. 4,409,206 relates to a method for preparing transdermal 
drug delivery systems containing the active substance in an amorphous form. 
Initially, a polyacrylate film is prepared by solvent casting. A drug solution or 
suspension is then applied to the film and the solvent is removed by evaporation. 
U.S. Patent No. 4,746,509 describes transdermal medicaments with the active 
ingredient dispersed in a drug reservoir in crystalline and/or solubilized form. 
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Another method that may be useful in the present invention is described in I J.S. 
Patent No. 4,832.953 in which the drug delivery systems containing liquid drugs 
capable of forming crystalline hydrates are formed. U.S. Patent No. 4,883,669 
describes a transdermal drug delivery system in which the drug is microdispersed 
in a polymeric matrix disc layer which serves as the drug reservoir. U.S. Patent 
No. 5,332.576 describes preparation of compositions for topical application, in 
which the drug is added to certain components, not including the bioadhesive 
carrier, and then heated at a temperature in the range of about 70°C to 90°C until 
all of the drug is dissolved. After the solution is cooled, the bioadhesive is added 
and the composition is applied to a backing material. It is contemplated that such 
methods of producing a transdermal delivery system may be used herein. 

In addition, transdermal delivery forms may further include diffusional 
systems and dissolution systems. In diffusional systems, the release rate of drug is 
further effected by its rate of diffusion through a water-insoluble polymer. There 
are generally two types of diffusional devices, reservoir devices in which a core of 
drug is surrounded by polymeric membrane; and matrix devices in which 
dissolved or dispersed drug is distributed substantially uniformly and throughout 
an inert polymeric matrix. In actual practice, many systems that utilize diffusion 
may also rely to some extent on dissolution to determine the release rate. 

Common practices utilized in developing transdermal delivery devices with 
reservoir systems include microencapsulation of drug particles (e.g., see U.S. 
Patent 5,814,599). Frequently, particles coated by microencapsulation form a 
system where the drug is contained in the coating film as well as m the core of the 
microcapsule. As such, in transdermal delivery, such a microcapsule may be 
applied as a microemulsion or be coated onto a patch-type delivery system. Drug 
release typically includes a combination of dissolution and diffusion with 
dissolution being the process that controls the release rate. Common material used 
as the membrane barrier coat, alone or in combination, include but are not limited 
to, hardened gelatin, methyl and ethyl-cellulose, polyhydroxymethacrylate, 
polyvinylacetate. and various waxes. 
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The most common method of microencapsulation is coacervation, which 
involves addition of a hydrophilic substance to a colloidal dispersion. The 
hydrophilic substance, which operates as the coating material, is selected from a 
wide variety of natural and synthetic polymers including shellacs, waxes, starches, 
cellulose acetate, phthalate or butyrate, polyvinylpyrrolidone, and polyvinyl 
chloride. After the coating material dissolves, the drug'inside the microencapsule 
is immediately available for dissolution and absorption. Drug release, therefore, 
can be controlled by adjusting the thickness and dissolution rate of the coat. For 
example, the thickness can be varied from less than one (am to 200 (am by 
changing the amount of coating material from about 3 to about 30 percent by- 
weight of the total weight. By employing different thicknesses, typically three of 
four, the active agent will be released at different, predetermined times to afford a 
delayed release affect. 

In matrix systems, three major types of materials are frequently used in the 
preparation of the matrix systems which include insoluble plastics, hydrophilic 
polymers, and fatty compounds. Plastic matrices which have been employed 
include methyl acrylate-methyl methacrylate, polyvinyl chloride and polyethylene. 
Hydrophilic polymers include methyl cellulose, hydroxypropylcellulose, 
hydroxypropyl-ethylcellulose, and its derivatives and sodium 
carboxy-methylcellulose. Fatty compounds include various waxes such as 
carnauba wax, and glyceryl tristearate. Preparation of these matrix systems are by 
methods well known to those skilled in the art. These methods of preparation 
generally comprise mixing the drug with the matrix material and compressing the 
mixture into a suitable pharmaceutical layer. With wax matrixes, the drug is 
generally dispersed in molten wax, which is then congealed, granulated and 
compressed into cores. 

Approaches to further reducing the dissolution rate include, for example, 
coating the drug with a slowly dissolving material, or incorporating the drug into a 
formulation with a slowly dissolving carrier. Encapsulated dissolution systems are 
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prepared either by coating particles or granules of drug with varying thicknesses of 
slowly soluble polymers or by microencapsulation. 

Matrix dissolution systems are prepared by compressing the drug with a 
slowly dissolving polymer carrier into formulation suitable for transdermal 
delivery such as a gel matrix, a cream, a colloid, an ointment, a lotion or any other 
suitable form of topical transdermal delivery. Generally there are two methods for 
preparing drug-polymer particles, congealing and aqueous dispersion methods. In 
the congealing method, the drug is mixed with a polymer or wax material and 
either cooled or cooled and screened or spray-congealed. In the aqueous 
dispersion method, the drug-polymer mixture is simply sprayed or placed in water 
and the resulting particles are collected. 

Osmotic systems are also available where osmotic pressure is employed as 
the driving force to afford release of a drug. Such systems generally consist of a 
core of drug surrounded by a semi-permeable membrane containing one or more 
orifices. The membrane allows diffusion of water into the core, but does not allow 
release of the drug except through the orifices. Examples of materials used as the 
semi-permeable membrane include polyvinyl alcohol, polyurethane. cellulose 
acetate, etiiylcellulose, and polyvinyl chloride. 

In a particularly preferred embodiment, it is contemplated that topical 
dosage forms are in the form of a compound that prevents or decreases the 
interaction of a NK-T cell receptor and its respective ligand-containing patch. It is 
contemplated that such a patch comprises a matrix type or reservoir type patch 
system containing a compound that prevents or decreases the interaction of a NK- 
T cell receptor and its respective ligand in combination with a penetration 
enhancing delivery device/process such as iontophoresis, electroporation or 
ultrasound. Reservoir type patch systems and iontophoresis are both well known 
systems for transdermal delivery. Accordingly, it is contemplated that the use of 
these transdermal delivery systems afford the appropriate permeability coefficients 
and fluxes of a compound that prevents or decreases the interaction of a NK-T cell 
receptor and its respective ligand through a predetermined area of mammalian skin 
tissue. These coefficients and fluxes are preferably established as being sufficient 
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in magnitude to he practical for producing time-sustained dosage rates consistent 
for the therapeutic effects of a compound that prevents or decreases the interaction 
of a NK-T cell receptor and its respective ligand over prolonged periods of time. 

By "predetermined area of mammalian skin tissue" is intended to refer to a 
defined area of intact unbroken living skin or mucosal tissue. That area will 
usually be in the range of about 5 cm 2 to about 100 cm 2 ; more usually in the range 
of about 20 cm 2 to about 60 cm 2 . However, it will be appreciated by those skilled 
in the art of transdermal drug delivery that the area of skin or mucosal tissue 
through which drug is administered may vary significantly, depending on patch 
configuration, dose, and the like. 

A patch device generally comprises a laminated composite of a drug 
reservoir, a backing layer which serves as the upper surface of the device during 
use and is substantially impermeable to the drug, and a release liner to protect the 
basal surface of the device prior to use. Optionally, a contact adhesive layer or a 
peripheral ring of contact adhesive may be provided on the basal surface of the 
device to enable adhesion of the device to the skin during drug delivery. 

The backing layer functions as the primary structural element of the device 
and provides the device with much of its flexibility, drape and, preferably, 
occlusivity. The material used for the backing layer should be inert and incapable 
of absorbing drug, enhancer or other components of a composition comprising a 
compound that prevents or decreases the interaction of a NK-T cell receptor and 
its respective ligand contained within the device. The backing is preferably made 
of one or more sheets or films of a flexible elastomeric material that serves as a 
protective covering to prevent loss of drug and/or vehicle via transmission through 
the upper surface of the device, and will preferably impart a degree of occlusivity 
to the device, such that the area of the skin covered on application becomes 
hydrated. The material used for the backing layer should permit the device to 
follow the contours of the skin and be worn comfortably on areas of skin such as 
at joints or other points of flexure, that are normally subjected to mechanical strain 
with little or no likelihood of the device disengaging from the skin due to 
differences in the flexibility or resiliency of the skin and the device. Examples of 



WO 00/02583 



PCT/US99/15403 



31 

materials useful for the backing layer are polyesters, polyethylene, polypropylene, 
polyurethanes and polyether amides. The layer is preferably in the range of about 
15 uM to about 250 pM in thickness, and may, if desired, be pigmented, 
metallized, or provided with a matte finish suitable for writing. 

The reservoir layer component of the transdermal patch may double as the 
means for containing a compound that prevents or decreases the interaction of a 
NK-T cell receptor and its respective ligand-containing formulation and as an 
adhesive for securing the device to the skin during use. That is. as the release liner 
is removed prior to application of the device to the skin, the reservoir layer serves 
as the basal surface of the device which adheres to the skin. 

Suitable polymeric materials for the drug reservoir include pressure- 
sensitive adhesives which are physically and chemically compatible with the drug 
to be administered, and the carriers and vehicles employed. Such adhesives 
include, for example, polysiloxanes, polyisobutylenes, polyacrylates, 
polyurethanes, plasticized ethylene-vinyl acetate copolymers, low molecular 
weight polyether amide block polymers (e.g., PEBAX), tacky rubbers such as 
polyisobutene, polystyrene-isoprene copolymers, polystyrene-butadiene 
copolymers, and mixtures thereof. In addition, other adhesive materials for use as 
reservoir layer include acrylates, silicones and polyisobutylenes, combinations of 
acetate-acrylate copolymers (such as may be obtained under the trademarks 
GELVA™ 737 and GELVA™ 788 from Monsanto Chemical Co.) with a water 
soluble, water-absorptive polymer such as polyvinyl alcohol, gelatin, polyacrylic 
acid, sodium polyacrylate, methylcellulose, carboxymethylcellulose, 
polyvinylpyrrolidone, gum acacia, gum tragacanth. carrageenan and guar gum, 
particularly polyvinylpyrrolidone. 

The reservoir layer is comprised of an adhesive material as described 
above, and will generally range in thickness from about 10 to about 300 pM. 
preferably approximating 75 pM. Alternatively, the adhesive layer may form a 
separate and distinct portion of the device, for example, the adhesive portion of the 
device may comprise an annulus around the reservoir layer, this annulus serving to 
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ensure that the patch device adheres to the skin. Similarly, the reservoir area and 
the adhesive area may be sandwiched between each other as strips or annular 
portions, for example a patch is contemplated in which there are stripes of drug 
reservoir separated by stripes of adhesive. 

The release liner is a disposable element which serves only to protect the 
device prior to application. Typically, the release liner is formed from a material 
impermeable to the drug, vehicle and adhesive, and which is easily stripped from 
the contact adhesive. Release liners are typically treated with silicone or 
lluorocarbons. 

Any of these transdermal drug delivery devices may also be provided with 
a release rate controlling membrane to assist in controlling the flux of drug and/or 
vehicle from the device. Such a membrane will be present in a drug delivery 
device beneath and typically immediately adjacent to the drug reservoir, and 
generally between the drug reservoir itself and an adhesive layer which affixes the 
device to the skin. Representative materials useful for forming rate-controlling 
membranes include polyolefins such as polyethylene and polypropylene, 
polyamides, polyesters, ethylene-ethacrylate copolymer, ethylene-vinyl acetate 
copolymer, ethylene-vinyl methylacetate copolymer, ethylene-vinyl ethylacetate 
copolymer, ethylene-vinyl propylacetate copolymer, polyisoprene, 
polyacrylonitrile, ethylene-propylene copolymer, and the like. 

Liposomes and Nanocapsules 

In certain embodiments, the use of liposomes and/or nanoparticles is 
contemplated for the introduction of antibodies, polypeptides or agents, or gene 
therapy vectors, including both wild-type and antisense vectors, into host cells. 
The formation and use of liposomes is generally known to those of skill in the art. 
and is also described below. 

Nanocapsules can generally entrap compounds in a stable and reproducible 
way. To avoid side effects due to intracellular polymeric overloading, such 
ultrafine particles sized around 0.1 |im) should be designed using polymers able to 
be degraded in vivo. Biodegradable polyalkyl-cyanoacrylate nanoparticles that 
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meet these requirements are contemplated for use in the present invention, and 
such particles may be are easily made. 

Liposomes are formed from phospholipids that are dispersed in an aqueous 
medium and spontaneously from multilamellar concentric bilayer vesicles (also 
5 termed multilamellar vesicles (MLVs). MLVs generally have diameters of from 

25 nm to 4 um. Sonication of MLVs results in the formation of small unilamellar 
vesicles (SUVs) with diameters in the range of 200 to 500 A. containing an 
aqueous solution in the core. 

The following information may also be utilized in generating liposomal 
10 formulations. Phospholipids can form a variety of structures other than liposomes 

when dispersed in water, depending on the molar ratio of lipid to water. At low- 
ratios the liposome is the preferred structure. The physical characterisics of 
liposomes depend on pli, ionic strength and the presence of divalent cations. 
Liposomes can show low permeability to ionic and polar substances, but at 
15 elevated temperatures undergo a phase transition which markedly alters their 

permeability. Th phase transition involves a change from a closely packed, 
ordered structure, known as the gel state, to a loosely packed, less-ordered 
structure, known as the fluid state. This occurs at a characteristic phase-transition 
temperature and results in an increase in permeability to ions, sugars and drugs. 
20 Liposomes interact with cells via four different mechanisms: Endocytosis 

by phagocytic cells of the reticuloendothelial system such as macrophages and 
neutrophils; adsoprtion to the cell surface, either by nonspecific weak hydrophobic 
or electrostatic forces, or by specific interactions with cell-surface components; 
fusion with the plasma cell membrane by insertion of the lipid bilayer of the 
25 liposome into the plasma membrane, with simultaneous release of liposomal 

contents into the cytoplasm; and by transfer of liposomal lipids to cellular or 
subcellular membranes, or vice versa, without any association of the liposome 
contents. Varying the liposome formulation can alter which mechanism is 
operative, although more than one may operate at the same time. 
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Diagnostic Tests 

As noted above, one report (16) has observed genetic linkage on 
chromosome U 1 near the region where CD Id is encoded. However, these 
investigators did not recognize the link to CD Id. The inventor contemplates that 
.the genetic linkage may be due to a mutation in the CDlcl which resides on 
chromosome #1 . Thus, provided herein are methods of determining genetic 
susceptibility to disease, particularly psoriasis, by screening for one or more 
mutations in CD Id. 

Of course, mutations in other MHC class 1 or class I-like molecules or their 
respective NK-T cell receptors may be linked to disease. Because the present 
invention provides the link of such receptor/ligands to disease, embodiments of the 
invention include diagnostic tests for mutations in essentially any gene involved in 
the pathway of activation of NK-T cells by interaction of the cells with their 
respective ligands. 

A description of methods of detecting somatic mutations in genes 
associated with disease is provided by U.S. Patent No. 6,624,819 (incorporated 
herein by reference). Such methods include, but. are not limited to, PCR-based 
methods, DNA sequencing. SCCP methods, RNase protection based methods. 

In other embodiments, the diagnostic tests determine the presence of 
pathogenic NK-T cells in a biological sample. In a preferred embodiment, 
peripheral blood is examined for the presence of NK-T cells bearing a NK 
receptor (Cd94, CD 158a, CD158b, or CD161) using antibody staining and flow 
cytometry. Alternatively, expression of a novel ligand/receptor on cells in a 
biological sample may be determined by techniques that measure respective 
mRNA amounts (such as RNase protection assays, semi-quantitative PCR, 
Northern blotting, or other quantitative technique s). 
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Example I: Inhibition Of Induction Of Psoriasis By Blocking The Interaction 
Of NK Receptors And Classical MIIC Class I Molecules 

To antagonize the interaction between lymphocytes expressing either 
CD94, or CD 158a or CD 158b (referred to as NK-T cells) peripheral blood-derived 
mononuclear cells (PBMC) from a psoriatic patient were preincubated with 50 
ug/ml of commercially available blocking antibodies against CD94 (clone HP- 
3B1) or CD158a (clone GL183) and CD158b (clone EB6); all purchased from 
lmmunotech Inc. (Westbrook Maine); for 2 hours at 37° C. Control PBMCs were 
incubated with phosphate buffered saline (PBS). The SCID mice were engrafted 
with autologous (symptomless) PN skin and one graft was pre-injected with 300 
pi of antibodies against either CD94 or CD 158a and CD158b (50 pg /ml. each). 
In each respective graft PBMCs (3.5 x 10 6 cells) that had been previously exposed 
to either PBS, or mAbs against either CD94 or CD158a and CD1 58b were injected 
intradermally. 24 hours later an additional injection of mAb (300 pi) was made 
into each respective graft. 1 1 days later, the SCID mice were sacrificed and the 
grafts inspected for induction of psoriasis including presence/absence of scale 
production, thickness, and dermal angiogenesis. 

While the PBS treated immunocytes induced psoriasis, the lymphocytes 
exposed to either anti-CD94 mAb or to anti-CD 15 8a and anti-CD 15 8b mAbs did 
not produce psoriasis. The clinical views for these SCID mice revealed thickened 
erythematosus skin with scale production for immunocytes treated with PBS, 
whereas the antibody treated lymphocytes did not induce erythema, skin 
thickening or scale production. The microscopic view of the engrafted skin 
revealed characteristic histological changes for induction of psoriasis by 
immunocytes in PBS. These changes included hyperkeratosis, loss of the granular 
cell layer, elongation of the rete pegs and lymphocytes infiltrating the epidermis. 
In contrast, the lymphocytes treated with the blocking mAbs, revealed no 
histological changes seen in psoriasis for either anti-CD94 mAb, or anti-CD 158a / 
anti-CD158b mAbs. Thus, the immunological reaction that causes psoriasis could 
be blocked by inhibiting the CD94/CD158a/CD158b pathway. 
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Example 2: CD161-CDld Interaction in Psoriasis 

Having established the presence and functional role for 
CD94/CD158a/CD158b+NK-T cells and classical M'HC class 1 positive antigen 
presenting cells in psoriasis, this example demonstrates that the CD 1 6 1 molecule, 
which is also a c-lectin like receptor, is also present in psoriasis and activated by 
its known ligand-CDld (3). 

Human Tissue Samples 

3-4 mm punch biopsies of normal adult human skin (NN skin; n=6). 
symptomless skin from patients with psoriasis elsewhere (PN skin; n=8). active, 
untreated psoriatic plaques (PP skin; n=8) were obtained after local anesthesia and 
informed consent. Similarly, punch biopsies were also obtained from volunteers 
in which epicutaneous poison-ivy antigen was applied in previously sensitized 
individuals (n=3), as well as from patients with Bowen's disease (n=5), squamous 
cell carcinoma (n=5), or basal cell carcinoma (n=8). In one patient with psoriasis, 
a biopsy of PN skin 72 hours after leaving the barrier function perturbed by 
repeated tape stripping was also examined. Thymic tissue was obtained from 
children undergoing elective cardiothoracic surgery. All tissue procurement was 
obtained with approval by institutional review boards. Tissue samples were snap 
frozen in isopentane chilled in liquid nitrogen, and stored at -80° C until cryostat 
sections (5 micron thick) were cut and placed on glass slides. Some of these 
biopsies were obtained during the course of an earlier investigation (24). 

SCID Mouse-Human Skin Model of Psoriasis 

The engraftment of normal human skin onto SCID mice followed by 
injection of activated immunocytes from peripheral blood of a psoriatic patient 
were previously described (10). Cryostat sections of the psoriatic plaque that was 
created involved both murine and human skin components as described (10). 



WO 00/02583 



PCT/US99/15403 



37 



Tissue Culture 

Multipassaged normal human kcratinocytcs and an immortalized human 
keratinocyte cell line (HaCaT) were grown in a low-calcium, serum-free medium 
(KGM, Clonetics Corp., San Diego, CA), as previously described (25.26). 

Tmmunohistochemical Staining 

Cryostat sections were fixed using cold acetone followed by use of an 
avidi-biotin peroxidase staining procedure as previously described (27). Briefly., 
primary antibodies (10 ug/ml) were incubated for 30 mins at room temperature 
followed by subsequent steps as per the manufacturer's instructions (Vectastain; 
Vector Laboratories; Burlingame, CA). Positive detection was accomplished 
using 3 amino - 4 ethylcarbazole as the chromagen producing a red reaction 
product with 1% hematoxylin as the counterstain (27). Primary murine antibodies 
included anti-CD Id (Clone NOR3.2 lgG, Biosource), anti-Vpl 1 (IgG, Becton- 
Dickinson, Mountainview, CA), and anti-Va24; anti-CD161 and anti-CD94 were 
purchased from Coulter Corp. (Hialeah, FL). Detectin of murine CD Id was 
accomplished using rat anti-mouse CDld antibody (Pharmingen, Sandiego, CA) 
For staining of cultured keratinocytes, 8 well Lab-Tek slides (Nunc lnc, 
Napervillle, IL) were used. Semi-confluent keratinocyte cultures were exposed to 
IFN-y (10 :i U/ml; Genzyme, Cambridge, MA), phorbol ester (TP A, 10 nM; Sigma 
Chemical Co., St. Louis, MO), tumor necrosis factor-alpha (TNF-ot; 10 J U/ml; 
Genzyme), transforming growth factor-beta (TGF-p; 1 0 ng/ml; Genzyme), IL- 1 0 
(200 pg/ml; Genzyme) or IFN-y plus TPA; or IFN-y plus TNF-a, for either 24 or 
48 hours. 

RESULTS 

I. Re pression of CDld in th ymus and normal human skin and 
symptomless (PN) skin . 

Since CDld was previously localized to thymic epithelium using a 
different antibody, the currently used mAb (i.e. NOR3.2) was first tested on 
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thymic tissue. Strong epithelial surface expression on Hassel's corpuscles was 
noted producing concentric rings of positive immunoreactivity, and there was also 
staining of scattered cortical thymocytes;, dendritic cells and endothelial cells. 
Next, normal skin biopsies were examined and CDld was consistently present in 
the 3-4 outermost layers of keratinocytes as distinct cytoplasmic membrane 
staining. Occasional staining of the basal cell layer or mid-layers of keratinocytes 
in the stratum spinosum was seen in some normal skin biopsies. Thus, most of the 
keratinocytes in the stratum granulosum were CDld positive which extended up to 
the lipid-rich-containing stratum corneum. 

There was no apparent CDld expression noted on Langerhans cells, but 
weak, focal CDld was present on dermal dendritic cells and endothelial cells. A 
similar immunohistochemical staining pattern emphasizing upper level 
keratinocytes CDld expression was also present in PN skin as well as dermal 
dendritic cells and endothelial cells. For both normal and PN skin, CDld was also 
present focally on eccrine duct epithelium and acrosyringium. The dermal 
papillae and hair matrix were GDI d negative, but the inner root sheath epithelium 
was diffusely positive with some anagen. Follicles displaying outer root sheath 
epithelium and sebocytes being CDld positive. No CDld was discerned on 
dermal mast cells, fibroblasts, or in subcutaneous tissue sites. 

II. Expression of CDld in symptomless skin; psoriatic plaques; allergic 
contact dermatitis, and after repeated tape-stripping . 

In contrast to normal and symptomless skin, chronic psoriatic plaques had 
more extensive keratinocyte CDld expression. Since the granular cell layer is 
generally absent in a psoriatic lesion (28), CDld expression began just beneath the 
large amount of lipid-rich scale, and extended to include 8-12 layers beneath the 
stratum corneum to suprabasilar layers. CDld was primarily confined to plasma 
membrane producing a broad "chicken-wire" appearance to the plaques. There 
was focal CDld expression in the basal cell layer in several of the plaques; as well 
as more diffuse and intense CDld on dermal dendritic cells and endothelial cells. 
Within 72 hours of barrier perturbation accomplished by repeated tape stripping, 
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symptomless skin acquired diffuse epidermal CD Id expression underlying 
appearance of parakeratotic scale. 

Since early lesions of psoriasis can resemble evolving allergic contact 
dermatitis reactions, skin biopsies obtained from sensitized individuals exposed 
epicutaneously to the hydrophobic wax-containing oil of the poison-ivy leaf (i.e. 
urushiol) were examined (24). 8 hours after exposure, no changes in CD1 d 
expression were noted, but as early as 24 hours following exposure, biopsies 
revealed increased CD Id expression by epidermal keratinocytes, and at 48 hours 
as mononuclear cells appeared in the upper dermis and epidermis, keratinocytes in 
the mid and superficial epidermal layers were CD1 d positive. 

I. Expression of CDld in basal cell carcinoma, Bowen's disease and 
squamous cell carcinoma . 

Infiltrating tumor cells from basal cell carcinomas were generally devoid of 
CDld expression although in some specimens, tumor cells immediately adjacent 
to zones of apoptosis were CDld positive. In squamous ceil carcinoma-in-situ 
(Bowen's disease); atypical intraepidermal keratinocytes expressing CDld were 
identified with some variation amongst the cases. In some cases, CD1 d expression 
was present in atypical cells focally in the basal cell layer and mid-epidermis, 
whereas in other cases there was more diffuse mid layer to upper layer CDld 
expression by the atypical keratinocytes. 

In the invasive squamous cell cacinomas, numerous clusters of malignant 
cells were CDld positive including the lobular acantholytic tumor cells. There 
was some variation from case to case in the overall percentage of malignant cells 
expressing CDld ranging from approximately 20% of the infiltrating tumor cells, 
to over 80% of the tumor cells possessing cytoplasmic membrane CD1 positivity. 
CDld was detected on both well differentiated as well as poorly differentiated 
squamous carcinoma tumor cells. 
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IV. Expression of CD161, CD94, Vg24 and VB11 in normal and diseased 
skin samples . 

While there were rare CD161, Va24, or Vpi 1 positive lymphocytes in 
normal and symptomless skin, in some cases in which there was increased CD1 d 
5 expression by benign and malignant keratinocytes, numerous intraepidermal 

lymphocytes expressing Va24 or vpi 1 were occasionally observed. Observed 
was one large invasive island of squamous cell carcinoma with numerous Va24 
positive lymphocytes. Of note was the absence of Va24 positive lymphocytes in 
the surrounding stroma, and their activated appearance in the tumor island with 

10 numerous cytoplasmic extensions or spikes partially enveloping the malignant 

epithelial cells. Compared to the sporadic presence of Va24 or Vpi 1 positive 
lymphocytes, there was more consistent and more frequent CD94 and CD161 
positive NK-T cells in skin biopsies with prominent CD Id expression. 

Of all the specimens examined, the most striking immunohistochemical 

15 finding was the co-presence of CD161 positive NK-T cells and CDld positive 

keratinocytes - particularly apparent in psoriasis. Only occasional CD161 positive 
NK-T cells were seen in squamous cell carcinoma. In one psoriatic plaque, there 
was also a prominent collection of CD94 positive NK-T cells in the hyperplastic 
epidermis. 

20 V. Modulation of CDld in cultured human keratinocytes . 

Normal multi-passaged human keratinocytes or HaCaT cells grown using a 
low-calcium, serum-free medium constitutively expressed CDld in a focal pattern. 
However, following 24 hours of exposure to various cytokines such as IFN-y, 
TNF-a, IL-lp, enhanced CDld expression by keratinocytes decorating their 
25 plasma membranes was observed. However, exposure of keratinocytes to TP A or 

TGF-P did not enhance CDld expression. Combinations of IFN-y plus TNF-a or 
' IFN-y plus TP A also resulted in increased CDld expression. Both immortalized 
HaCaT cells (passages 134-135) and primary cultured keratinocytes produced 
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similar immunohistochexnical staining profiles in response to the aforementioned 
stimuli. 

VI. SCID-Human Skin Xenograft 

The psoriatic lesion created by intraepidermal injection into engrafted 
normal skin of pathogenic T cells revealed CD Id expression on both the 
hyperplastic human and murine epidermis which was infiltrated by human CD161 
positive NK-T cells in both human and murine components of the graft (3). 

The rapid influx of CD 161+ NK-T cells and up-regulaiion of keratinocyte 
CDld expression by both human and murine epidermal cells immediately prior to 
lesion formation point to the involvement of these novel ligand/receptor 
interactions in creating psoriasis both in normal human and murine skin. Besides 
CD161 and CDld interactions that can occur between mice and men, no other 
ligand/receptor recognition events are known (29). 

DISCUSSION 

Despite earlier reports which suggested relative confinement of CD1 d to 
intestinal epithelial cells (30-32), there is CDld expression in normal human skin, 
as well as in several skin disorders including psoriasis. In normal human skin. 
CDld was generally restricted to the outermost keratinocyte layers in the stratum ■ 
granulosum just beneath the lipid containing stratum corneum. It appeared that 
the plasma membrane staining for CDld was juxtaposed directly with the stratum 
corneum, although CDld could also be seen in some specimens to be present in 
the basal cell layer as well. In addition to epidermal keratinocytes, CDld was 
detected on upper dermal dendritic cells, endothelium, eccrine ducts, 
acrosyringium and the pilosebaceous unit except for the dermal papilae and hair 
matrix cells. 

CDld expression could be rapidly modulated in-vivo as exemplified by the 
response of normal skin 24 hours of induction of allergic contact dermatitis 
involving the poison ivy antigen, or after repeated tape stripping of the 
symptomless skin. Similarly, in- vitro exposing cultured keratinocytes to various 
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cytokines, keratinocytes were induced to strongly and diffusely express CD Id. 
Thus, like class I MHC antigens and class II MliC antigens, HLA-DR, HLA-DQ, 
as well as intercellular adhesion molecule- 1 (ICAM-1). keratinocytes can also be 
induced to express CD Id (33). 

In psoriatic plaques CD Id expression was increased compared to normal 
and symptomless skin and also extended to the outermost keratinocytes 
immediately beneath the parakeratotic layer juxtaposed to the stratum-comeum. 
Given this intimate anatomical configuration, it is possible for various types of 
glycolipids in the psoriatic scale to be directly exposed to the abundant 
keratinocyte cell surface CD Id. Moreover, given the large hydrophobic binding 
pockets in CD Id, the presence of CDld on the outer layers of epidermis in 
psoriatic plaques opens up the possibility that various glycolipids present in the 
stratum corneum could play a role in triggering a response by NK-T cells or other 
T cell subsets capable of recognizing such glycolipids in the context of CDld. 

During epidermal differentiation keratinocytes produce different amounts 
and types of various glycolipids including glucosylceramides (34). Alterations in 
these glycolipids in the stratum corneum can significantly impact the barrier 
function of skin. Others have focused on the direct proliferative effect of 
glucosylceramides on epidermal keratinocytes (35). However, it is also clear that 
barrier perturbation can initiate cytokine -cascades impacting inflammatory and 
mononuclear cell activation (36,37). The rapid and diffuse expression seen in the 
symptomless skin following repeated tape stripping demonstrates the highly 
responsive inductive capability of keratinocytes with respect to CDld expression 
(37). Furthermore, a reciprocal interaction appears likely since T cells can also 
influence barrier function (38). 

As regards psoriasis, abnormalities in barrier function have been well 
documented (39, 40) with both quantitative and qualitative changes including 
alterations in glycolipids, that may not be similarly present in other scaly 
dermatitis such as atopic dermatitis (41). Thus, a viscious cycle is created in that 
pathogenic NK-T cells initiate barrier abnormality which in turn would generate 
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glycolipids that could be presented by keratinocytc CD Id and further activate 
CD161 NK-T cells in psoriasis, allergic contact dermatitis, and other disorders. 

Many psoriatic plaques show clinical improvement by simply occluding the 
skin to alter the local barrier function (42). This phenomenon could be explained 
if pro-T cell activating glycolipids were displaced from their CD Id binding groove 
by non-stimulatory types of lipids. 

That CD161 positive NK-T cells can interact with CD Id positive 
keratinocytes is derived from a surprising result in which the injection of 
pathogenic blood-derived immunocytes from a psoriatic patient injected into 
engrafted normal skin from a non-related donor induced psoriasis on both the 
human as well as murine skin. Observed were CD1 61 positive human NK-T cells 
infiltrating the murine CD Id positive hyperplastic epidermis. Thus, due to the 
highly conserved structure of CD1 d (2), human CD161 + NK-T cells produce 
psoriasis via this interaction. 

As regards the triggering of NK-T cells, it must also be mentioned that 
these interesting T cells bear both T cell receptors (TCRs) as well as NKRs. Thus, 
they may be under the dual influence of a peptide-type antigen that could trigger T 
cell activation via the TCR, as well as a non-peptide, glycolipid type antigen via 
the NKR. There is ample precedent for such synergistic interactions (43). and. 
many new intriguing approaches to our understanding of psoriasis can now be 
pursued. Since there was relatively infrequent Vcc24 and pi 1 positive cells in 
psoriasis, a different structurally conserved TCR may be the immunodominant 
TCR involved in interacting with CDld as recently observed in murine epidermis 
(44). 

CDld expression was not confined to allergic contact dermatitis or 
psoriasis, but was present in pre-malignant and malignant keratinocytes. While 
there was rather diffuse CDld expression by keratinocytes in Bowen's disease and 
invasive squamous cell carcinomas, the infiltrating tumor cells in basal cell 
carcinoma had more focal CDld expression. 



WO 00/02583 



PCT/US99/15403 



44 

Besides keratinocytes being able to initiate, perpetuate, and terminate 
immune reactions involving conventional T cell responses to nominal antigens and 
superantigens, CD Id expression may also imbue the keratinocyte with the 
capacity to interact with NK-T cells. 

Example 3: CD161+ NK-T Cells Are Pathogenic 

Example 2 establishes that CD 161 -CD Id interaction plays a role in 
psoriasis. However, it could not be determined whether the NK-T cells were 
functioning directly (pathogenic) or indirectly (immunoregulatory) to cause 
psoriasis. This example demonstrates the direct (pathogenic) role of NK-T cells in 
psoriasis. 

Immunocytes recovered from peripheral blood of a psoriatic patient were 
exposed to bacterial superantigens and 1L-2. After several weeks, a line was 
produced. FACS analysis revealed that the cells were predominantly CD3+ T 
cells that were all CD4+ T cells. The majority of these cells expressed CD 161. 
Thus, the cells were predominantly NK-T cells. These CD 161+ NK-T cells were 
pathogenic because when the cells were injected into engrafted PN skin, a 
psoriatic plaque was produced. 

The NK-T cell line was capable of interacting with CD Id expressing 
keratinocytes. Cultured keratinocytes were induced to express CD Id with IFN- 
gamma. Under these conditions, the cells were mixed with the NK-T cell line. 
The INF-gamma treated keratinocytes caused proliferation of the NK-T cells. 
Controls containing the NK-T cells alone or keratinocytes not treated with IFN- 
gamma failed to induce proliferation of the NK-T cells. 

The proliferation of the NK-T cells was dependent on CD Id expression on 
the keratinocytes. When IFN-gamma and the NK-T cell line were incubated 
together in the presence of anti-CD Id blocking antibody, proliferation of the NK- 
T cells was greatly reduced as compared to controls lacking the antibody. 

Besides proliferation, the NK-T cells were also shown to produce cytokines 
(IFN-gamma and IL-13) after recognition of CD Id on the keratinocytes. ELISA 
assays showed that high levels of IFN-gamma were produced by the NK-T cells 
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incubated with IFN-gamma treated keratinocytes as compared to NK-T cells alone 
or NK-T cells with untreated keratinocytes (both of wish essentially lacked any 
IFN-gamma production). As with proliferation, IFN-gamma production by the 
NK-T cells was inhibited by coincubation with anti-CD Id antibody. 

Because IFN-gamma is a key cytokine in triggering psoriasis (1,2), this in 
vitro system provides an excellent model for testing the ability of various 
compounds to block the activating interaction of NK-T cells and keratinocytes. 
The ability of these compounds to block CD161 and CD Id interaction and thereby 
prevent the ability of the NK-T cells to induce psoriasis in vivo may also be 
determined as described in Example 1 . 
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CLAIMS 

1 . A method of inhibiting a NK-T cell mediated immunological 
reaction comprising the step of contacting a cell with a composition that inhibits 
an interaction between a MHC class I or MHC class I-like molecule and a receptor 
on the NK-T cell. 

2. The method of claim 1 , wherein the composition comprises an 
antibody. 

3 . The method of claim 2, wherein the antibody is reactive with a 
MHC class 1 or MHC class I-like molecule. 

4. The method of claim 2, wherein the antibody recognizes a NK-T 
cell receptor. 

5. The method of claim 3, wherein the MHC class I-like molecule is 

CD Id. 

6. The method of claim 4, wherein the NK-T cell receptor is selected 
from the group consisting of CD94, CD158a, CD158b, CD161. 

7. A method of treating a cutaneous or extracutaneous disorder 
comprising administering a composition that inhibits an interaction between a 
MHC class 1 or MHC class I-like molecule and a receptor on the NK-T cell. 

8 . The method of claim 7, wherein the cutaneous or extracutaneous 
disorder is selected from the group consisting of psoriasis, atopic dermatitis, 
allergic/irritant contact dermatitis, lupus erythematosus, lichen planus, drug 
reactions, alopecia areata and androgenetic alopecia. 

9. A method of diagnosing psoriasis or susceptibility to psoriasis in a 
patient comprising detecting a mutation in a novel ligand/receptor. 
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10. The method of claim 9, wherein the novel ligand/receptor comprises 
a NK-T cell receptor or a homolog thereof. 

11. The method of claim 10, wherein the NK-T cell receptor is selected 
from the group consisting of CD94, CD 158a, CD 158b and CD 161. 

12. The method of claim 9, wherein the novel ligand/receptor comprises 
an MHC class 1 antigen or MHC class Hike molecule. 

13. The method of claim 12, wherein the MHC class I-like molecule is 

CDld. 

14. A method of treating a disorder of the skin comprising 
administering a composition that activates NK-T cell receptors or components of a 
cell-signaling pathway associated with NK-T cell receptors. 

15. The method of claim 14 ; wherein the composition activates NK-T 
cell receptors. 

16. The method of claim 15, wherein the composition comprises an 
antibody that binds to an NK-T cell receptor. 

17. The method of claim 1 6, wherein the antibody further binds to a 
major histocompatability complex class I or class 1-like molecule. 

18. The method of claim 14, wherein the composition activates 
components of a cell-signaling pathway associated with NK-T cell receptors. 

19. The method of claim 14, wherein the disorder is a skin infection. 

20. The method of claim 19, wherein the skin infection is caused by a 
viral, bacterial, or fungal agent. 

21 . The method of claim 14, wherein the disorder is a neoplasm. 
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22. A method for treating a skin disorder comprising administering a 
composition that alters the expression of novel receptor/ligands. 
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